Purpose The combined anteversion (CA) technique is a method in which the cup is placed according to the stem anteversion in total hip arthroplasty (THA). We examined whether the CA technique reduced the dislocation rate, and the distribution of CA with the manual placement of the cup. Methods We retrospectively reviewed 634 hips in 579 patients with primary cementless THA. In 230 hips using the CA technique [CA(+)], a CA of 50±10°was the aim. In the remaining 404 hips [CA(−)], the cup was first placed targeting 20°of anteversion. The post-operative CA was measured using the computed tomography (CT) images in 111 hips. Results One hip (0.4 %) had a dislocation in the CA(+) group, whereas ten hips (2.5 %) had a dislocation in the CA(−) group. A multivariate analysis showed that primary diagnosis, head size and CA technique significantly influenced the dislocation rate. Patients in the CA(−) group were 5.8 times more likely to have a dislocation compared to the CA(+) group. In the 111 hips with CT images, 81 hips (73.0 %) achieved the intended CA. Conclusions Although the manual placement of the cup resulted in 27 % of outliers from the intended CA, the CA technique significantly reduced the dislocation after primary THA.
Introduction
Accurate component placement has been considered to be a prerequisite for successful total hip arthroplasty (THA), as implant malposition influences impingement, dislocation, wear and aseptic loosening [1] [2] [3] [4] [5] [6] . Although the Lewinnek safe zone for cup placement (anteversion 15±10°) is a gold standard in THA [7] , this is sometimes not applicable to cases with abnormal femoral anteversion such as seen in dysplastic hips [8] [9] [10] . Combined anteversion (CA), the sum of the cup and stem anteversion, should be considered in these cases [9, [11] [12] [13] .
The generally accepted CA has been reported to range from 30 to 60°to avoid impingement and maximise hip range of motion [11, 14, 15] . The dislocation risk was reportedly 6.9 times greater if the CA fell outside the range of 40-60° [15] . Other reports recommended the CA to be between 25 and 35°i n men and up to 45°in women [11] . To achieve an appropriate CA for each case, the method of adjusting cup anteversion according to stem anteversion, the so-called CA technique, has been recommended by Dorr et al. in cementless THA [14] as a cementless stem has less adjustability in the femoral canal compared to the cemented stem [1, 16] . Although the CA technique has become more relevant [17] , there is little evidence that the CA technique has lowered the dislocation rate. This technique has been adopted as a routine procedure in primary THA since 2006 by one of us (YN).
Therefore, we investigated whether the CA technique reduced the rate of dislocation in THA and also examined the distribution of CA with the manual placement of the cup with an attempt to achieve a CA of 50±10°. hips in 596 patients underwent primary cementless THA. Among them, five hips in five patients and 12 hips in 12 patients were excluded because of patient death unrelated to THA and loss to follow-up, respectively. The remaining 634 hips in 579 patients followed up for at least one year were included in this study ( Table 1 ). The mean age of the patients at surgery was 63.4 years old (22-92 years) and the mean duration of follow-up was 30.2 months (12-71 months). There were 533 hips in women and 101 hips in men. The most common indication for THA was hip osteoarthritis (OA) in 556 hips in 508 patients including 360 hips with developmental dysplasia of the hip (DDH). DDH was diagnosed when the hip had a centre-edge angle less than 20° [18] . Other indications included osteonecrosis of the femoral head (ONFH) in 67 hips in 61 patients and rheumatoid arthritis (RA) in 11 hips in ten patients. Among them, pre-and postoperative computed tomography (CT) was performed in 111 hips in 101 patients between 2010 and 2011 ( Table 2) .
The CA technique was adopted in 2006 by one of our study authors (YN). Since then, 230 THAs have been performed routinely using the CA technique [CA(+) group]. The other surgeons continued to place the cup prior to the stem preparation. In total, 404 THAs were performed without the CA technique [CA(−) group]. No significant differences related to the baseline patient characteristics were noted between the groups ( Table 1 ). The CA technique was used in all 111 hips with CT images. All patients were followed up prospectively. They visited our clinic for examination two months, six months and one year after THA and yearly thereafter. When patients could not visit the clinic, they were interviewed over the phone and questioned about the presence or absence of dislocation.
Implants Cementless THA (AMS cup and PerFix910 stem, Kyocera, Osaka, Japan) was used in all hips [19] . Femoral offset was changed according to the case. A standard offset was used in 127 hips and +4 mm offset was used in 507 hips.
The head size was changed depending on the periods, 26 mm in 465 hips and 32 mm in 169 hips.
Surgical technique All THAs were performed using the common posterior approach [20] . In cases using the CA technique, the preparation of the femur was performed first so that the anteversion of the femur was known prior to the cup placement [14] . The anteversion of the final broach was measured as the angle between the lower leg axis and trial stem axis by flexing the knee and placing the tibia in a vertical position using a manual goniometer (Fig. 1) . Then the cup was placed according to the stem anteversion so that the combined anteversion ranged from 40 to 60° [15] . Cup anteversion was defined as the operative anteversion following the method BMI body mass index, OA osteoarthritis, DDH developmental dysplasia of the hip, RA rheumatoid arthritis, ONFH osteonecrosis of the femoral head, CA combined anteversion a Values are given as mean ± SD (range) of Murray [21] . The cup was placed with 20°anteversion first using the manufacturer's cup inserter which aimed at 20°o perative anteversion and 45°abduction by aligning the jig to the longitudinal axis of the body. Cup anteversion was then adjusted to achieve the intended anteversion. When 30°of cup anteversion was the aim, 10°more anteversion was added manually to the jig of the cup inserter. If the stem anteversion was more than 60°, a cup anteversion of 5°was attempted to avoid a retroverted cup. In cases without the CA technique, the cup was placed first with a goal of 20°anteversion and the stem preparation was started. The posterior soft tissues were routinely repaired [22] .
Radiographic assessment The cup inclination was measured as an abduction angle using the inter-teardrop line as the baseline. In cases with pre-and post-operative CT data, native femoral anteversion, stem and cup anteversion were measured (Fig. 2) . Briefly, the femoral neck axis was calculated as a best-fit line connecting slices taken through a central segment of the neck. Then native femoral anteversion was defined as the angle between the neck axis and epicondylar line [23] . Stem anteversion was calculated as the angle of the prosthetic femoral neck relative to the epicondylar line (Fig. 2a) . Cup anteversion was measured as the operative anteversion (Fig. 2c) .
Statistical analyses Factors examined included age, gender, body mass index (BMI), primary diagnosis, head size, neck geometry, cup position and CA technique. The chi-square test was used to compare categorical parameters and the Wilcoxon rank sum test was used to compare continuous parameters between the groups. The Tukey-Kramer HSD test was used for multiple comparisons. The univariate Cox model was applied to each possible risk factor to separately screen for significant factors affecting dislocation. The significant risk factors were then examined together using a multivariate Cox model to determine their contribution to dislocation. Differences were defined as significant when the p value was < 0.05. Statistical analyses were performed using JMP Software (SAS Institute, Cary, NC, USA).
Results
Dislocations occurred in 11 hips (1.74 %). Univariate analysis indicated four significant risk factors for dislocation: gender, (Table 4) . Among the CA(+) group, only one hip with ONFH and 26 mm head (0.4 %) experienced a dislocation, whereas ten hips (2.5 %) dislocated in the CA(−) group, showing the significantly lower rate of dislocation in the CA(+) group with an odds ratio of 5.8. Namely, the CA(−) group was 5.8 times more likely to dislocate compared to the CA(+) group. In the analysis of the 111 hips with pre-and post-operative CT scans, the mean anteversion of the cup and stem was 18.0±10.4°and 33.5±10.8°, respectively ( Table 2 ). The resulting CA was 51.4±10.4°on average ranging from 20.1 to 73.4°. There were 81 hips (73.0 %) within 40-60°of CA, 21 hips (18.9 %) with more than 60°and nine hips (8.1 %) with less than 40°( Table 5 ). The mean stem anteversion of hips with CA of more than 60°was 43.4±7.9°and the primary diagnosis of all these hips was OA due to DDH. As for the cases with CA less than 40°, the stem anteversion was 21.9±8.1°and the mean cup anteversion was 8.0°. No dislocations were observed by the time of the latest follow-up in these 111 hips.
Discussion
In addition to the other influencing factors, the CA technique significantly reduced the dislocation rate. One hip (0.4 %) dislocated in the CA(+) group, whereas ten hips (2.5 %) dislocated in the CA(−) group. A multivariate analysis showed that the CA(−) group was 6.4 times more likely to have a dislocation compared to the CA(+) group. As shown in this study, the stem version was highly variable ranging from 0 to 60°, possibly leading to the implant malposition with the cup first technique. This accords with previous reports; Maruyama et al. showed the range of stem anteversion as 17°retroversion to 28°anteversion in cementless femoral stems [9] . Other studies using post-operative CT scans showed a wider range, 30°retroversion to 45°anteversion in both cemented and cementless stems [24, 25] . Cemented stems can be rotated to correct the stem anteversion. However, cementless stems of any geometry are limited by native femoral anteversion to achieve the initial stability. Widmer and Zurfluh showed that the safe zone of cup placement varied depending on stem anteversion using a mathematical model [12] . The safe range of cup anteversion dramatically decreased with an abnormal stem anteversion compared to a stem anteversion of 15±10°. These findings indicate the necessity of understanding stem anteversion before placing the cup. This study has several limitations. First, we examined only the effects of attempting to achieve a CA of 50±10°. Thus, the CA(+) group did not always satisfy the intended CA. As shown with CT measurements, 27 % of the hips were outliers due to the large stem anteversion and possibly surgeon error in the manual cup placement. However, the CA technique significantly reduced the dislocation rate compared to methods where the cup was placed first. Therefore, it is meaningful to show the importance of confirming stem anteversion prior to cup placement. Second, the patients in this study were retrospectively reviewed and not randomised; therefore the exact effect of CA on the dislocation must be further determined by a randomised controlled study. Third, only the posterior approach was used, therefore limiting results to only that approach. As the posterior approach has been associated with higher rates of dislocation [26, 27] , we assumed that the posterior approach was the best to examine our research question. Lastly, the effect of CA technique in the cases with larger head size (32 mm) was not determined, as no dislocation has been noted so far in them. The larger head size has consistently shown the advantage of preventing dislocation in many studies [27] [28] [29] and may compensate for the possible instability due to implant malposition to a certain extent. Because the number of patients and the followup periods were less in cases with 32 mm head compared to those with 26 mm head, this topic needs further clarification.
Preoperative planning using CT helps to achieve the appropriate CA and may compensate for the disadvantages of the cup first placement [30] ; however, stem anteversion is not always parallel to the native femoral anteversion. Emerson showed an increased stem anteversion of 8°compared to the native femoral anteversion [16] . The stem version is also affected by stem alignment. Müller et al. showed that an anteriorly tiled stem tended to have decreased anteversion [31] . These inconsistencies between stem and native anteversion suggested a theoretical advantage of the CA technique.
The goal range of CA in this study was from 40 to 60°, which was relatively larger than in other reports [11, 12] . As many DDH cases in which the large stem anteversion was expected were included in this study, we set this range of CA following Jolles et al. [15] . Despite attempts, 30 hips (27 %) among the cases with CT measurement failed to achieve the intended CA. Two reasons were thought to contribute to these deviations. First, even with a higher upper limit (60°), the greater stem anteversion in DDH cases tended to result in the larger CA with 21 hips (18.9 %) having more than 60°. The hips with CA over 60°had a stem anteversion of 43.4°on average, which was significantly larger than 32.3°in the hips with 40 to 60°. Second, inaccuracy of the cup anteversion by manual cup placement was thought to lead to the outliers. Manual placement is reportedly often less accurate than expected [32] . Jolles et al. showed that the standard deviation of manual placement was three times larger than that using computer navigation. Fortunately there have been no dislocations in these cases so far; however, the existence of outliers suggested the importance of careful cup placement. The CA technique might compensate for the unexpected CA by confirming stem anteversion prior to cup placement.
In conclusion, the CA technique significantly reduced dislocations with an odds ratio of 5.8. The cementless stem anteversion varied widely; therefore, the CA technique is useful to reduce the incidence of dislocation in cementless THA. All the values are given as mean ± SD (range)
